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 PIIHMIE
Since World War II, synthesized detergents have largely replaced soap as
cleansing aids for laundering. Phosphates were the major detergent building
blocks until concern developed about the impact of the phosphate on algal
growth in the lakes and streams of North America. As pressure grew to
restrict the use of phosphate in detergents, Sodium Nitrilotriacetate (NTA)
became the most likely replacement. Because of fear that NTA might cause
cancer or inheritable changes in man, the Surgeon General of the United
States Public Health Service in 1970 requested that NTA be withheld from use
in detergents in the United States. The Canadian Government did not agree
with the significance of the possible risk and has continued to allow the use
of NTA in detergents in Canada.
An International Joint Commission Great Lakes Research Advisory Board
Task Force, selected from members of the North American scientific community
has reviewed the data on which the original U.S. decision was based. The
Task Force has also reviewed the laboratory studies which have become avail—
able since that decision and has analyzed the Canadian experience with the
use of NTA. This report of their review is the most up—tQ-date analysis of
the health implications of the use of NTA. A second task force, initiated by
this Board to study the environmental impact of non-phosphate detergent
builders, has reported its interim findings on NTA to the Board and these
are recorded in the current Annual Board Report to the IJC. A complete
report of that Task Force study will be published at a later date.
In summary, NTA, though readily absorbedby therat, mouse and dog, is
poorly absorbed from the gut by monkey or man. The administration of huge
doses in rats and mice results in increased elimination of zinc and an
increase in tumors of the kidney and/orurinary tract and liver. Although
the largest doses resulted in an increase in certain specific tumors, the
overall incidence of tumors in the treated animals and the control animals
did not differ significantly.
While it has been demonstrated that NTA is indeed carcinogenic, the
combination of the high dosage required to initiate the effect in the test
animals, along with the poor absorption of NTA in humans and the low level
environmental incidence of NTA demonstrated in the Canadian Monitoring
Program would minimize the hazard that NTA would have on human health.
Because of the proven carcinogenic effect and in spite of the low level
of hazard which NTA represents, neither the Task Force nor the Research
Advisory Board felt capable of recommending a specific course of action to
the International Joint Commission. The questions posed in the 1970 Woods'
Committee report have been answered, and a conservative health risk evalua—
tion is provided for consideration by the appropriate jurisdictions. It is
our feeling that the decision on the use of NTA must be based on societal
interests rather than depending solely on scientific considerations.-
































































































































































































































































































































































































































































































































































































































































































































sodium NTA was fed to rats at doses from 200 to 20,000 ppm in diet and sodium
NTA and acid form NTA to rats and mice at 5,000, 7,500 and 15,000 ppm in



















and/or urinary tract in all studies. The data are summarized in Tables 2, 3
and 4, and the preliminary results will be found in Appendix D. There was
also an observed increase in liver cancer although the occurrence was only
sporadic.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































At the request of the Governments of the United States and Canada, the
International Joint Commission in 1969 reported on the causes and extent of
pollution to the Great Lakes. The recommended remedial measures included:
1. Reduction of the phosphorus content of detergents, the amount of deter—
gent used and replacement of phosphorus compounds in detergents by less
harmful substances as soon as possible but not later than 1972.
2. The incorporation of phosphate removal processes in municipal and
industrial wastewater treatment plants.
Concern was expressed in both countries over the potential health and
environmental effects which might follow the substitution‘of alternate
substances for phosphorus in detergents. Sodium Nitrilotriacetate (NTA) by
virtue of its chemical properties as a builder and cost was considered by
many a most likely substitute but little was known about its other proper-
ties. By 1970, sufficient NTA was being used in both countries that studies
were implemented to examine drinking, river and lake water for NTA.
In Canada on August 1, 1970, regulations were put into effect limiting
the P 0 content of detergent products to 20%. The following year the
Canadian National NTA Monitoring Program was established to acquire data upon
which appropriate conclusions could be based. A Progress Report on this
Program covering the period to September 1975 is imminent.
In December 1970, in response to concerns expressed by the Surgeon
General of the United States Public Health Service, the major detergent
manufacturers in the U.S. voluntarily discontinued the use of NTA pending
further study and evaluation of the potential hazard to human health. As a
result of this action, NTA consumption in the United States has dropped to an
estimated 10 million pounds annually.
In January 1975, the Canadian Government after due consideration,
further reduced the maximum P 0 levels to 5%. A large part of the phosphorus
reduction has been made up through NTA substitution. In early 1972, industry-
wide NTA content in detergents averaged 6% and in 1975, 250 million pounds of
detergents were purchasedwith an average NTA content of 15%. It has been
estimated that the current annual consumption of NTA in Canada is 60 million
pounds.
The 1975 Annual Report of the Water Quality Board to the International















































































































































































































































































































































































































































































































































































































































































Human Safety Aspects of Nitrilotriacetic Acid (NTA)" by Arthur D. Little,
Inc., has served as a useful resource to current scientific literature.























With regard to human health effects, two areas of concern were identified
by the Woods report. For one, it was noted that "there are no reports of
mutational studies on possible NTA metabolites or on derivatives that might
be formed in the environment prior to human exposure. While the metabolism
of NTA in mammals appears insignificant, attempts should be continued to I
identify potentialmetabolites, and the mutagenicity of these substances
should be tested thoroughly". Secondly, it was the opinion of the Woods
Committee that "the experimental data available at this time did not permit a
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The teratogenic potential of NTA has been tested in a number of species.























































heavy metal effects by NTA—metal chelates has also been investigated. Studies
in the rat have not shown increased fetotoxicity when NTA and cadmium or
mercury were administered simultaneously.
It may be concluded that NTA does not have any fetotoxic potential,
either alone or in conjunction with heavy metals, when administered experi—
mentally to pregnant animals.
MUTAGENICITY
The Woods Committee concluded that further studies were necessary to
aSSure lack of mutagenic risk with NTA. Their conclusions were based upon
experiments done up to 1972. At that time, a number of mutagenicity tests in
a variety of systems had either been accomplished or were ongoing. Plate
tests with Salmonella typhimurium had been done and no mutagenic tendency of
NTA was noted. Tests with E. coli in culture medium also indicated no
mutagenic potential of NTA and further showed no potentiation of the effects
of known mutagens (ethyl methanesulfonate and x-ray). Tests in Drosophila
were also negative. In mammals, a series of dominant lethal tests in mice
and rats was performed and were negative. In a host—mediated test in mice
which utilized S. typhimurium there was no evidence of any increase in
mutations. The Woods Committee also reported on cytogenetic studies using
cell lines from Kangaroo rats; one which was negative, and one which resulted
in a low level of chromatid breaks at 500 mg/l. Marrow cells from rats
exposed to NTA at a dose of 250 mg/kg given intraperitoneally, shOWed no
effects. Since that time a substantial number of additional studies on a
variety of systems have been performed. Studies on Neurospora have been
negative. Chromatid aberrations have been shown in tests using cultured
human lymphocytes with sublethal concentrations of Na3NTA. No chromatid
aberrations were found, however, in recent in vivo tests using rodent bone
marrow cells. Dominant lethal tests in Drosophila have proven to be nega-
tive. Dominant lethal tests in mice given 1,000ppm NTA in drinking water
have also shown no mutagenic effects. Heritable translocation tests in mice
receiving a similar dose have likewise shown no positive effects. Attempts
to identify postulated metabolites have all been unsuccessful and therefore
their testing with hypothetical compounds for mutagenic potential is irrel-
evant.
 
The Task Force concludes that the NTA data indicate no potential for the
e induction of gene mutations or transmitted genetic effects. The only positive
effects have been chromosome breakage in vitro at high dose levels (102M).




ACUTE, SUBACUTE AND CHRONIC TOXICITY
The acute, subacute and chronic toxicity has been reviewed by the Woods
Committee as well as by Thayer and Kensler. The data are summarized in
Tables 2 and 3. Studies on single dose acute and subacute exposure to NTA
indicate that its level of toxicity is very low and comparable with that of




A neoplasm has been defined by Ewing as an uncontrolled new growth of
tissue. The distinction between benign and malignant neoplasms is not always
perfectly clear; however, several of the following characteristics distinguish
a malignant from a benign neoplasm:
a high mitotic rate and the occurrence
of abnormal mitoses, abnormal cell sizes and hyperchromatic nuclei, loss of
structural arrangement of the cells, but most importantly the invasive
characteristic and ability to metastasize distinguishmalignant from benign
and normal tissue.
In experimental studies for purposes of testing the carcinogenicity of
various agents, it is customary not to separate benign and malignant tumours,
since the histological characteristics are not always readily interpretable.
Secondly, benign tumours may at some later time behave like malignant ones;
hence statistical considerations in this report cover both categories.
EXPERIMENTAL DESIGN
In the Stanford Research Institute
(SRI) design the highest dose which
did not cause any death among the animals
fed eight weeks on the diet was
20,000 ppm Na NTA.H20, which was
chosen even though a 10% weight decrement
was observed In males and a 20% decrement in the females.
The lower doses
were 2,000 and 200 ppm Na NTA.H20.
A control group was kept on the same diet
withOut
the detergent buiIder.
Twenty-four animals of each sex were chosen
for each level and the experiments were started when the animals were seven
to eight weeks old.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































bladder, probably because of the low dose used as higher doses
could not be tolerated.
The relevant information including the statistical significance is
given in Appendix D obtained from the preliminary NCI release.
The evaluation of these data regarding human health hazards requires
extrapolation from high to low dose levels and comparison of the
pharmacokinetics of NTA in rodents and humans for which fortunately
some data are available. In addition, data are available for some
other detergent builders and chelating agents to allow some compari—
sons.
In the NIEHS study the largest treatment—control difference in
tumor incidence was associated with renal tumors (Table 4).
Although the total number of tumors observed in NTA treated rats
exceeded control rats, this difference was accounted for entirely
by the renal tumors.
ii. Tumors of other organs
 
The study discovered also some other statistically significant
carcinogenic dose responses in these animals; i.e. an increased
incidence of cancer of the liver and of the lung in female rats on
the high NTA diet, which was not observed in the male animals.
Although tumors, apart from urinary tract tumors following NTA
feeding, are of interest the occurrence is sporadic in studies to
date and only urinary tract tumors show a constant statistically
valid increase following NTA ingestion.
Comparison with Studies on Other Chelating Agents and Detergent Builders
Comparisons of the carcinogenic potential of NTA with that of other
chelating agents and detergent builders is not possible because appro—
priate studies have not been made available to the Task Force.
However,
there are similarities in the toxic effects of NTA and other chelating
agents, particularly on the kidney.
Comparisons of other detergent builders and chelating agents in lab-
oratory animals have shown that absorption of high doses of detergent
builders is possible on oral intake of corrosive detergent builders
which cause, besides the local damage, kidney toxicity; i.e. tubular
damage due to carbonate and silicate.
In studies on other chelating
agents such as EDTA hydropic degeneration of renal tubules was also
observed when the chelating agent was given intravenously.
It should be noted however that ready comparisons with other chelating
agents may not be applicable.
EDTA is not well absorbed from the
gastrointestinal tract, and others like citric acid are absorbed and





























































































































































































































































































































































































































































































































































In rat and mouse carcinogenicity studies on NTA alone, NTA with
nitrate and nitrite or the anticipated N—nitroso derivative (NIDA)
were administered in the drinking water at high dose levels. No
difference in tumor incidence was seen even though the rats con—
sumed a total of 40 g NTA or iminodiacetate, but thenumber of
animals on study was too small for adequate statistics. The types
of tumors expected in animals on nitrosamine treatment were not
increased. In the mouse study the-dose of 5 g NTA/liter or 2 g
NIDA/liter did not significantly increase the number of lung
tumors, the total number of lung tumors per animal, nor the number
of tumor-bearing animals in this study. The slight increase in
lung—adenoma-bearing animals and the small increase in adenomas per
mouse in the group given NTA and sodium nitrite in water may be
suggestive of a slight stimulation of lung adenoma production, but
the inhibitory effect of NIDA at 2 g/liter on lung adenoma incidence
may suggest that the system is not suitable for these studies.
(ii) Essential element chelation —— zinc
The_second hypothesis is based on chelation of an essential element.
Several studies on NTA presented evidence that even on a medium
high dose increased mobilization of zinc is detectable in urine.
Observations have been made on rats given sodium NTA in the diet at
levels of 1,500 or 5,000 ppm showing kidney pathology and elevated


































































































































































































































































































































































































































































































































































































































































































































































































workplace will not be included.
21

























































































































































































An examination of the chemistry of NTA indicates that food chain trans—
mission is unlikely. No data are available on NTA levels in edible foodstuffs
(vegetables, fish, birds, etc.).
Previous reports in assessing the environmental levels of NTA concluded
that the levels found in drinking water would result in an average daily
adult intake of 63—100 pg.
Since then, the Progress Report on the Canadian Monitoring Program has
been released. The NTA values in public water supplies are reported to be
usually less than 10 Ug/l (ppb) with a level of 50 ug/l (ppb) as an occasional
maximum. Somehigher values (up to a few ppm) are reported in shallow wells
which were contaminated by pollution from septic tank drainage and really
unfit for a drinking water source.
Under the present Canadian use pattern (15% NTA, i.e. 60 x 106 lbs/yr)
drinking water has been found to contain an average of 5 ug/l with 96% of
all samples containing less than 25 ug/l. Only one city at one time had a
level of 59 ug/l and this city now has a level approaching 5 Ug/l. At a
consumption of 2 liters of water/day, man would ingest 50 pg NTA per day. It
can be calculated that man would ingest less than 1.4 g NTA over a 75-year
lifespan if all drinking water contained 25 ug NTA per liter.
RISK ASSESSMEHI
The scientific information available to the Committee indicated no
apparent mutagenic or teratogenic hazard from chronic NTA ingestion. People
in Canada presently ingest less than 0.001 mg NTA/kg bodyweight/day.
In assessing the carcinogenic risk to man from the present levels of NTA
in the environment weare faced with the usual uncertainties of extrapolating
from extremely high experimental dose levels to very low environmental levels
of interest. The still greater uncertainty of extrapolating without any firm
understanding of the underlying carcinogenic mechanism obviously makes any
risk calculation very tenuous. Nevertheless, an attempt has been made to




































































































































































































































































































































































































































































































































































pelvis in 9% of the male rats fed aflatoxin B1 at the level of 0.5 — 0.1
ppm for life.
Merkow in a more recent paper described renal neoplasia in Wistar rats,
fed 1 — 3 ppm of aflatoxin, in a large percentage of these animals.
From these studies, it can be concluded that aflatoxin B can cause
renal cancer in rats fed a diet of between 0.25 - 3 ppm of the carcino-


























ESTIMATED MAXIMUM RISK OF URINARY TRACT TUMOR FORMATION IN RODENTS
AT
Low DOSES OF NTA OR Na3NTA
Dose (pg/kg ppb in diet)
5 25 50
Na3NTA
Male Rats (SRI)* 3 x lo'7 1’x 10‘6 3 x 10‘6
Male Rats (LB) 4 x lo"8 2 x 10'7 4 x 10'7
Female Rats (SRI) 5 x 10'7 2 x 10‘6 5 x 10‘6
Female Rats (LB) 1 x 10'7 7 x 10‘7 l x 10‘6
Male Mice (LB) 6 x 10'8 3 x 10‘7 6 x 10"7
Female Mice (LB) 6 x lo"8 3 x 10‘7 6 x 10‘7
Male Rats (NIEHS)+ 9 x lb”7 5 x 10'6 9 x 10'6
Egg
Male Rats (LB) 6 x lo~8 3 x 10'7 6 x 10'7
Female Rats (LB) 8 x 10'8 4 x 10'7 8 x 10‘7
Male Mice (LB) 1 x 10'7 7 x 10‘7 1 x 10‘6
Female Mice (LB) 5 x 10'8 2 x lo“7 5 x lo‘7
*The most representative estimate of maximum risk has been selected for
each study.
fBased on a dose of 1,000 ppm. in the water rather than diet, using a
normal approximation (cf. Hoel, gt al's. Subcommittee's Report on Risk




The information that aflatoxin fed to rats at a level as low as 0.25 ppm




































humans. However, it may serve the purpose of illustrating some dose
response comparisons of specific carcinogens.


















in mice and rats. Earlier experiments were frequently negative but many
of them were inadequate.
Positive results were obtained with lead acetate and subacetate in rat
and mouse feeding studies. A diet containing 0.1% basic lead acetate
fed to Swiss mice produced benign and malignant renal tumors (Van Esch &
Kroes). The same compound fed to rats at the 0.1 or 1% level in the
diet also produced this type of tumor. (Van Esch, at 31.). Renal tumors
were also observed in rats fed diets containing 1% lead acetate.
(Boyland, e£_al,) Benign and malignant kidney tumors were observed in
rats fed lead acetate (3 mg/day for 2 months and 4 mg/day for 16 months).
Besides the kidney tumors, neoplasms of the testes, adrenals, thyroid,
pituitary, and prostate were observed in these Wistar rats. (Zawirska &
Medras).
In male Sprague—Dawley rats on a diet containing 1% lead subacetate, 2
gliomas were observed besides l3 kidney tumors in 17 animals. (Oyosu,
e£_al.). Subcutaneous injections of lead phosphate, repeated over a 16
month period, produced adenomas, papillomas, and cystadenomas of the
renal cortex in albino rats. The total dose of lead administered varied
between 120 and 680 mg Pb in the animals producing tumors (Zollinger).
No positive findings have been reported on humans exposed to high levels
of lead, only negative data were reportedby Dingwall—Fordyce and Lane;
who followed 425 persons with a history of exposure to lead in a battery
factory. They showed no increase in cancer incidence but an increase in
cerebrovascular accidents was observed. This is offered as a basis for
the suggestion that species differences in the case of lead toxicity are
distinctly apparent. There are sufficient publications on the ill
effects of lead exposure of humans that cases of cancer in these people,
even if anecdotal, would have beenreported in the literature over the
years. A recent study of mortality among more than 7,000 lead workers
also shows no increase in renal tumors (Cooper & Gaffey).
When the experimental data on rodents are used for extrapolation to
human exposure, the equivalent dose for renal tumor development in man
would be 550 mg lead per day, which appears to exceed the maximum toler—
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aBeneath the untreated control incidence are two quantities:
(a) the P value for a 2x3 contingency table
using chisquare theory; (b) the P value for the test for linear trend if a linear trend fits the data or
the word "nonlinear", which means that a linear trend on a logistic scale does not fit the data.
Beneath the dosed group incidence is the Fisher‘Irwin one—tailed test for comparison of that group with




















































































































































Incidence of Tumors of the Urinary







































Incidence of Tumors of the Urinary Tract

































































































































































































































































Total Number of Animals with




























































0/40 0/39 — - — —
- 1/43(2%) -
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*Denominators equal number of tissues examined histopathologically.
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